I. Introduction
Organic thin film transistors (OTFTs) have attracted much attention in the development of commercial electronic devices including smart cards, sensors, radio-frequency identification tags (RFID), electronic paper (E-paper), and flat panel displays (FPDs) [1] [2] , because of their potential of low manufacturing cost, low processing temperature. Due to lots of research group's efforts, the mobility of pentacene-based OTFTs is almost equal or larger than the amorphous silicon thin-film transistors (α-Si TFTs). [3] However, comparing with low-temperature poly silicon (LTPS) the field-effect carrier mobility is still not good enough.
Inserting a buffer layer between active layer and source/drain electrodes is a directly and effective method to enhance the performance of OTFTs. A lot of materials, such as m-MTDATA, LiF, MoO 3 , and so on, were employed to improve the performance of OTFTs. [4] [5] [6] It is well known that pentacene-based OTFTs is a p-channel TFT, n-type semiconductor materials seem not suitable for field-effect carrier transporting through pentacene to drain electrode. However, the performance of OTFTs is indeed enhanced by using a n-type semiconductor material such as LiF as a buffer layer. To understand the effect upon buffer layers in OTFTs, we inserted alternately stacked NPB and Alq 3 buffer layers between active layer and source/drain electrodes to investigate and enhance OTFTs' performance.
II. Experiment
Figures 1 shows the OTFT configuration with and without a buffer layer that was examined in this work. The structure of OTFT was glass/indium-tin oxide (ITO)/poly(methyl methacrylate)(PMMA)/pentacene/buffer layer/Ag (source/drain). The buffer layers were NPB/Alq 3 and Alq 3 / NPB. Prior to the dielectric layer was coated, ITO-coated glass substrates with a sheet resistance of 20 Ω/square were cleaned in acetone and isopropyl alcohol as solvents in an ultrasonic bath and then in deionized water, and then underwent UV ozone treatment for ten minutes. The gate dielectric layer, PMMA, was dissolved in chlorobenzene with a concentration of 6 wt %, and was then coated on the ITO glass substrates by spin-coating, before being annealed at 100 °C for one hour. Organic active layer, buffer layer and cathode material were sequentially deposited through a shadow mask by thermal evaporation. Deposition began with 700 Å -thick pentacene as an organic active layer. Before the source and drain electrode were formed on pentacene, the buffer layer was evaporated on pentacene. Finally, 1000 Å -thick Ag layers were deposited as source and drain electrodes. The channel length and the width of the device were 50 and 500 μm, respectively. The organic layers and source/drain electrodes were evaporated at a pressure of below 5×10 -6 torr, and the evaporation rate was controlled at 0.5-1 Å /s. The thickness of the evaporation layers was controlled by oscillating quartz monitors. The electrical characteristics of OTFTs were determined by a Keithley 2400 programmable voltage-current source system. All measurements were made in an atmosphere of air. The ultra-violet photoelectron spectroscopy (UPS) were obtained using a Sigma Probe (Thermo VG-Scientific) with a He I (21.0 eV) source. The resolution of the UPS measurements was 0.01 eV and the base pressure of the analysis chamber was 2.0×10 -10 Torr. ) and gate voltage (VGS) in the saturation regime.
III. Results and discussion The output (IDS versus VDS) and transfer (IDS versus
(1) where μ is the field-effect mobility, L and W are channel length and width, respectively, Ci is the insulator capacitance per unit area, and VT is the threshold voltage. The VT of the device was determined from the plot of I DS 1/2 and VGS by extrapolating the measured data to IDS=0. When VGS was swept from +20 to −50 V and VDS was set at −50 V. The characteristics of I DS in the saturate regime, on/off drain current ratio, V T , and field-effect mobility for OTFTs with various buffer layers are summarized in Table I . It is obvious that the introduction of alternately stacked buffer layers into the pentacene-based OTFTs induces the increase of mobility and the decrease of V T . Comparing these devices, the optimum performance was obtained by inserting a NPB/Alq 3 buffer layer in device structure.
UPS spectrum was measured to understand the reason why the performance of OTFTs can be enhanced. Figures 3 show the UPS spectra that were collected at the secondary electron cutoff region and close to the Fermi level (E F ) before and after the growth of pentacene on Ag or alternately stacked NPB and Alq 3 buffer layers. The evolution of the second electron onset position in the UPS spectra indicates the energy difference between the HOMO of pentacene and E F of Ag, and the second electron cutoff position means the difference between the vacuum levels of any other two stacked materials. When pentacene had been directly deposited on Ag, the secondary electron cutoff position moved toward a higher binding energy. The shift of the secondary electron cutoff position indicates a change a l s , N a g o y a , 2 0 1 1 , p p 3 7 0 -3 7 1 in the vacuum level from the buffer layer to pentacene, and suggests the formation of an interface dipole whose negative pole points toward Ag and whose positive pole points toward the organic layer as pentacene was deposited on Ag. The shift of the cutoff position moved toward a higher binding energy of 1.34 eV for without a buffer layer, as well as moved toward a lower binding energy of 0.06 eV for with NPB/Alq 3 buffer layer. It is evidence that the secondary electron cutoff position even moved toward a lower binding energy by inserting NPB/Alq 3 buffer layer.
IV. Conclusion
In this work, we have successfully enhanced the performance of OTFTs and characterized its effect by inserting alternately stacked NPB and Alq 3 buffer layer between pentacene and Ag electrodes. From the results, pentacene which directly deposited on Ag will form an interface dipole whose negative pole points toward Ag and whose positive pole points toward the organic layer. This kind of interface dipole damages the performance of field-effect carrier mobility. A stacked buffer layer of NPB/Alq 3 in an OTFT increases the on/off drain current ratio from 1. 
